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Storied or tier-like structure of certain dicotyledonous woods* 

Samuel J. Record 

A considerable number of dicotyledonous woods are character- 
ized by a storied or tier-like arrangement of their secondary ele- 
ments. Such woods exhibit on longitudinal section, typically on 
the tangential, fine transverse lines, bands or striations commonly 
called "ripple marks." These markings may be distinct to the 
unaided eye, may be at or near the limit of vision, or may require 
the lens. In some cases they may be more readily seen without 
the lens than with it, or they may be fairly distinct under the lens 
but indistinct or apparently absent under the compound micro- 
scope. In specimens with very dark and infiltrated heartwood 
the markings may be obscured there but show plainly in the sap- 
wood; usually, though, they appear to best advantage in the heart- 
wood. 

In woods with this type of structure the cambial cells are 
in tangential as well as radial seriation and part or all of the 
elements to which they give rise preserve this arrangement. Or- 
dinarily it is only in stems of considerable thickness that the tiers 
assume a marked regularity, but the diameter a stem must attain 
before the storied structure 'becomes pronounced is subject to 
wide variation, depending not only on the species but also on the 
rate of growth. In certain stems of Leguminosae and Zygophyl- 
laceae the tiers were found to be fairly regular in what was appar- 
ently the second annual ring, less than one eighth inch from the 
pith. In general, though, this feature is wanting in the twigs of 
herbarium material. 

The storied structure may not extend to all of the elements. 
In the extreme and also the most common form (Zygophyllaceae, 
Bignoniaceae, Leguminosae in large part, and others) the rays, 
vessel segments, tracheids, wood fibers, and wood parenchyma 
strands are all in horizontal seriation. On the tangential surface 
the cross sections of the rays appear as short, closely spaced, par- 

* Contribution from the Yale School of Forestry, No. 4. 
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allel lines, often of very regular length and arrangement, while 
separating the tiers is a fine line of lighter or darker shade than 
the remainder of the wood. These lines are made by the junctions 
of the tiers of wood cells and vary in appearance according to the 
elements involved in a particular area, whether fibers with inter- 
lacing tips or vessel segments and wood parenchyma cells with 
abrupt terminations. In some instances, also, the local aggre- 
gations of pits in the fiber walls where the lumina become con- 
stricted tend to increase the refraction there and make the lines 
more distinct. According to Von Hohnel (i, p. 33) this is very 
pronounced in Bocoa provacensis Aubl. (Inocarpus edulis Forst.) ; 
his findings are confirmed by Wiesner (5, pp. 15, 950), who figures 
the pits. In the cases investigated by the present writer such 
pit-areas were noted in several woods, as for example, in Machae- 
rium, Physocalymma(?) , and Erythrina. 

Where the rays are all storied they occupy the median portion 
of each tier, the height of which is usually considerably greater 
than the height of the rays. Consequently there is room for 
considerable variation in the height of the rays without interrupt- 
ing the regularity of the transverse markings. It is not uncom- 
mon to find some of the rays grown together at the margins and 
thus occupying two or three stories, as for example, in Cercis, 
Crescentia, Ormosia and Ougenia. Where the rays are in perfect 
seriation, a section between two tiers misses them completely. 
In most instances, however, such a section shows rayless gaps, the 
width of which depends upon the regularity of stories. 

In some storied woods, especially in the Bombacaceae, Mal- 
vaceae and Sterculiaceae, the rays are of two general sorts, large 
and small. Here only the low rays are in seriation and they may 
be so few, comparatively, and so over-shadowed by the large 
rays that the "ripple marks" are indistinct except in proper light 
and may be easily overlooked in casual inspection. In some of 
these woods the markings may be plainer without the lens than 
with it and, because of the very limited field under observation, 
may not be distinguishable at all under the compound microscope. 

In both of these types the elements other than the rays are 
normally storied. The vessel segments and vascular tracheids 
correspond in length to the height of each tier, though occasional 
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short segments are found which appear to be subdivisions. The 
wood parenchyma strands show a uniformity in length with the 
vessel segments, but in a few cases where parenchyma is scanty 
the vessel segments and tracheids (when present) seem to be en- 
tirely responsible for the "ripple marks." This was found to be 
the case in Dalea spinosa Gray, Artemisia tridentata Nutt., and 
Bigelovia graveolens Gray. 

The number of parenchyma cells per strand is not constant 
but in most of the woods investigated was found to be two or 
four ; sometimes only one (an intermediate or substitute fiber). It is 
not uncommon to find that the metatracheal strands are composed 
of two cells and the paratracheal of four. Where the parenchyma 
is abundant, the component cells of the strands may be uniformly 
disposed and thus give rise to a secondary seriation which, es- 
pecially if the cells are large, is readily visible under the lens. In 
this case the height of the tiers in only one half or one fourth that 
of the ordinary tiers. In species of Bombax, Ceiba (Eriodendron) 
and Heliocarpus the number of cells per strand is four; in Char- 
pentiera, Diphysa and Lonchocarpus, two; in Gossypium and Ptero- 
cymbium, two in the metatracheal and four in the paratrachea'. 
The same structure obtains in some of the finer-textured woods, 
but the small size of the cells usually renders it indistinct or in- 
visible under the lens. It was found fairly distinct in Ichthyo- 
methia piscipula (L.) Kuntze (mostly two cells per strand) and 
less so in Tabebuia Guayacan Hemsl. (four cells per strand). 

The libriform fibers and fiber-tracheids (collectively, wood 
fibers) may or may not show distinct seriation in the tangential 
section. In all ordinary cases the fibers are much longer than the 
vessel segments or the height of the tiers. In many cases there 
is a widened middle portion equal to about one third of the total 
length of the fiber and corresponding to the length of the original 
cambial cell. The attenuated ends of the fibers of one tier are 
forced during elongation between the fibers of the tiers immediately 
above and below and, in consequence, a cross section through the 
middle portion of a tier will show (under the compound micro- 
scope) alternate rows of large and small cells, the latter being twice 
as many as the large ones. A section through the junction of two 
tiers will show fewer cells and they will be more nearly uniform 
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in size. In many woods the fibers show a gradual instead of ab- 
rupt diminution in caliber and the feature just mentioned is 
absent or indistinct. It may require careful maceration to deter- 
mine whether or not the fibers are storied, particularly in woods 
with irregular rays. The fact that the fibers are so interlaced 
and dove-tailed together prevents woods with storied structure 
from being weakened or made brittle thereby. 

In Herminiera elaphroxylon Guill. & Perr., the wood cells ("pali- 
sade tracheids" of Jaensch, 3, p. 269) are parenchymatous and 
arranged in regular stories. Some of the cells are subdivided but 
not very regularly. The low uniseriate rays are storied while the 
large ones (which may contain vessels) are not. The vessel seg- 
ments are mostly of the same length as the height of the tiers but 
according to Wiesner (5, p. 20) some of them may be subdivided. 
The wood fibers, which are distributed in narrow layers, are three 
times the length of the. other elements and have localized pit areas 
at the constrictions. Solereder (6, p. 276) figures Aeschynomene 
sp. with the parenchymatous wood cells much pitted at the ends. 
The present writer did not have opportunity to study woods of this 
genus but found much the same structure in Erythrina spp., except 
that all or nearly all of the rays are large and the wood fibers in the 
scattered bands are apparently not storied. The parenchymatous 
cells making up the ground mass are large, thin-walled, blunt- 
ended, and usually subdivided into two cells about the vessels. 
The markings vary from distinct in some specimens to barely vis- 
ible without lens in others. 

Where the elements of the wood are definitely storied it is, of 
course, to be expected that the same arrangement will likewise 
appear in the secondary phloem. In the limited number of stems 
with bark examined by the writer this was found to be the case 
and in some instances, Dalea spinosa for example, the feature was 
more distinct on the inner surface of the bark than in the wood- 
An unusual case was found in Olneya tesota Gray, where the inner 
surface of the bark exhibits, under the lens, fine but distinct and 
fairly regular cross-lines (150-160 per inch) without, apparently, 
any corresponding structure in the wood. Under the compound 
microscope the vessel segments and wood parenchyma strands are 
indistinctly storied, but the rays and apparently the fibers are 
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not, while the vertical elements of the secondary phloem are in 
horizontal seriation. The distinctness of the cross-lines in the 
inner layers of phloem was found to be largely due to highly re- 
fractive callus on the sieve plates. 

The storied structure of wood occurs throughout a consider- 
able range of families and orders as will appear from the following 
list, which is arranged according to the Engler and Gilg (1912) 
system of classification. The first numeral following the family 
refers to the number of different genera in which the feature has 
been noted by the writer; that in parentheses, to the total number 
reported. 

1. Urticales: Ulmaceae, i (i); Moraceae, I (i). 

2. Centrospermae : Amarantaceae, i (i). 

3. Rhoeadales: Moringaceae (i). 

4. Rosales: Rosaceae (i?); Leguminosae, 40 (51). 

5. Geraniales: Zygophyllaceae, 3 (4); Rutaceae, 1 (1); Simarubaceae, 3 (4); 

Meliaceae, 6 (7). 

6. Sapindales: Hippocastanaceae, 1 (1); Sapindaceae (1). 

7. Malvales: Tiliaceae, 5 (8); Malvaceae, 4 (4); Bombacaceae, 3 (3); Ster- 

culiaceae, 7 (8). 

8. M yrtiflorae : Lythraceae, 1? (1?). 

9. Ebenales: Ebenaceae, 1 (1). 

10. Tubiflorae: Bignoniaceae, 3 (3). 
u. Campanulatae : Compositae, 3 (3). 

Consideration of the above list leads to the conclusion that 
there is no close correlation between the form of wood structure 
under consideration and the various types of floral organization 
which serve as the basis for the classification followed. There 
seems to be a correlation, however, between this storied structure 
and certain types of differentiation of the wood elements. The 
vessel segments have abrupt ends and simple perforations, and 
the elongated or scalariform type of pitting is rarely found and 
then only in the tracheidal vessels and vascular tracheids. The 
wood fibers are for the most part provided with simple pits or 
with pits having only small and indistinct borders. The pits 
between vessels and parenchyma are usually small and half- 
bordered. It is also interesting to note that with very few ex- 
ceptions (notably Aesculus, Cercis, Cytisus, Diospyros and Tilia) 
the woods are of tropical or subtropical origin. 

There is no family, with the possible exception of the Zygo- 
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phyllaceae (only a few woods of which were studied), in which all 
of the woods are characterized by horizontal ranking of their 
elements. In many cases it appears to be a generic character but 
more often it is specific only. A few instances have been noted 
where the feature is not constant for a given species and may be 
of only local occurrence in the same specimen. One of the best 
examples of this is furnished by Swietenia, where "ripple marks" 
exhibit wide variation in regularity and occurrence and are about 
as likely to be absent as present. In general, however, the con- 
stancy of the feature seems to bear a direct relation to the degree of 
regularity of the cross-markings. It is most dependable when all 
of the elements are involved and especially when the rays are fine 
and of uniform height. 

In this investigation attention has been given to the elements 
storied, the regularity and visibility of the transverse markings and 
to the height of the tiers in each wood examined. In most in- 
stances only the gross and lens characters are given since they are 
most readily employed in practice. There are so many factors 
entering into the question of distinctness or visibility that the 
particular observations of the writer may not always apply. For 
instance, in Guaiacum the markings, though extremely fine, are 
distinct under the lens in the sapwood and may be indistinct or 
even invisible in very resinous heartwood. Usually the visibility 
is materially increased by moistening the surface, but in some in- 
stances the opposite effect is produced. 

According to Von Hohnel (2, p. 2) the distance between the 
cross-lines varies from one half to one eleventh of a millimeter, 
and for a given species is constant. In order to determine 
whether or not there is a definite tier-height for each species the 
present writer counted the number of tiers per inch of length on 
the tangential section of every specimen examined. An inch, 
divided into quarters, was marked off and the count and recounts 
made under the lens for the entire inch, the quarter-marks serving 
as an additional check. In the larger specimens, at least two dif- 
ferent inches were counted. In some instances the markings, be- 
ing fairly distinct without a lens but indistinct with it, were 
counted with the naked eye or with the aid of a reading-glass. 
Where the rays are not in seriation the cross-lines are likely to be 
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indistinct, and the most satisfactory results can be secured by 
counting the vessel segments. In the Zygophyllaceae the lines, 
though very uniform and readily visible under the lens, are so 
very closely spaced (about 250 per inch) that is it practically im- 
possible to make an accurate count without the use of the com- 
pound microscope. By using low power and reflected light the 
smooth surface of a small specimen can be readily examined and 
measurements made without preparing thin sections. 

Considerable variation in tier-height was found not only in 
different specimens of the same species but also in the same speci- 
men. Even within a given inch of length the number per quarter 
may show a variation of from two to five as a result of the occa- 
sional to frequent bifurcation of the tiers, with consequent narrow- 
ing at the point of branching. The greatest variation in tier 
height within a species was noted in Diospyros virginiana L., 
where the counts per inch on eleven different specimens were as 
follows: 57, 57, 58-60, 60, 61, 62, 63, 66-68, 70-72, 72-74, 81-82; 
a maximum difference of 25 per inch, or nearly 45 per cent on the 
basis of the minimum. In only one other case did the variation 
exceed 20 per cent, and almost always it was less than 10 per cent. 

In 86 woods of the Leguminosae the number of markings per 
inch were as follows: under 100, 29 per cent; 100 up to 125, 34 
per cent; 125 up to 150, 21 per cent; 150 to 190, 12 per cent. 
Nearly every wood showing between 125 and 190 "ripple marks" 
per inch belongs to the Leguminosae. The investigated woods of 
the Zygophyllaceae have considerably more than 200 per inch, 
mostly about 250, and may, by means of this feature alone, be 
readily separated from all of the others. This fact has proved of 
practical value in distinguishing the wood of true lignum-vitae 
from its various substitutes. 

The present investigation fails to confirm certain findings of 
other writers. Von Hohnel (1, p. 38) states that the rays are 
storied in Parkinsonia, but there was no evidence of this in the 
specimens examined by the writer. The grenadillo wood is re- 
ferred to as " Inga vera W.?" (p. 39) but this is probably incor- 
rect, inasmuch as various specimens of Inga spp. were found to 
be without any tendency to storied structure. The name " grena- 
dillo " is applied to several woods, one of which is Brya Ebenus DC. 
Another wood with "ripple marks" was provisionally identified 
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by the same author as Conocarpus erecta (Combretaceae) , but au- 
thentic specimens of this species are wholly without this structure, 
as are all other representatives of the family that were examined. 
Wiesner (5, p. 997) states that in Olea europea L. the rays (under 
the lens) produce a fine wavy cross-striping on the tangential 
section. Specimens of the wood examined by the writer exhibit 
no tendency to "ripple marks," and Miiller (Atlas der Holz- 
structur, 1888, pp. 88, 91) gives as one of the distinguishing fea- 
tures of this wood the irregularity in size of the rays. All of the 
foregoing woods are excluded from the table given below. 

The only representative of the Lythraceae included in the 
list is Physocalymma scaberrimum Pohl, variously known as Bra- 
zilian tulip-wood, rose wood, "pao de rosa," "cego machada," 
"grao de porco" and "sebastiao de arruda." Writers all seem 
to be in agreement in referring this wood to the species mentioned, 
but the specimens examined by the writer, which are evidently 
the same as those described by Wiesner (5, p. 975) , appear to belong 
to the Leguminosae. They certainly do not resemble other avail- 
able material of the Lythraceae. 

Another wood of which there is some doubt is Ferolia guya- 
nensis Aubl. (= Parinarium sp.) of the Rosaceae, mentioned by 
Von Hohnel (1, p. 43), who calls it "Ficatin- oder Konigsholz." 
According to Stone (Timbers of Commerce, 1904, p. 101) this spe- 
cies supplies the wood from Guiana commonly known as " washiba" 
or bow-wood. Authentic specimens of washiba and bow-wood, 
collected by the Forestry Officer of British Guiana are Tabebuia 
spp. The tier height in the latter is about 0.25 mm., while accord- 
ing to Von Hohnel the height of the "Markstrahlstockwerke" in 
the wood of Ferolia is about 0.15 mm. If Von Hohnel's measure- 
ment refers only to the height of the rays the discrepancy dis- 
appears, since this agrees closely with the writer's observations. 
No other wood of the Rosaceae has been reported as having a 
tier-like structure. 

The satinwood, Chloroxylon Swietenia DC, is listed with the 
Rutaceae (following Engler), rather than with the Meliaceae, be- 
cause the wood so closely resembles those of the Rutaceae and 
has so little in common with the others. No other representative 
of the Rutaceae has been found with storied structure, while 
various representatives of the Meliaceae exhibit a more or less 
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pronounced tendency in this direction. It is interesting to note, 
however, that the number of tiers per inch in the latter woods (so 
far as known to the writer) is between 45 and 55, while in the satin- 
wood it is about 80. 

Most of the woods with "ripple marks" belong to the Legu- 
minosae. Following is a list of woods examined by the writer in 
which the storied structure was not observed, though a few 
(marked with an asterisk) have been reported by other writers and 
are included in the list. Some of the more common synonyms are 
placed in parentheses. These woods are: Adenanthera, Albizzia*, 
Bowdichia (?), Browneopsis, Cassia*, Cercidium, Cercidophyllum, 
Cladastris {Copaiba), Copaifera, Cynometra, Daniellia (?) , Dimorph- 
andra, Enterolobium, Eryihrophloeum, Eysenhardtia, Gleditsia, 
Gymnocladus, Haematoxylon, Inga (see page 259), Intsia, Kingio- 
dendron (?), Lysiloma, Mimosa, Pahudia, Parkia*, Parkinsonia, 
Peltogyne, Peltophorum (?), Piptadenia, Pithecolobium, Prioria, 
Prosopis, Pterodon, Robinia, Sindora {Vouacapoua) , Zygia (?). 

In this investigation all of the woods in the extensive collec- 
tions of the Yale School of Forestry were gone over. Since many 
of these are from tropical regions, of which our botanical knowledge 
is far from complete, it is by no means certain that all of the spe- 
cific identifications are correct, though special effort was made to 
eliminate errors or indicate the doubtful cases. A considerable 
number of woods, mostly belonging to the Leguminosae, have 
been omitted because their botanical status has not been deter- 
mined. The following table is published with a view of calling 
attention to an important feature of wood structure and with the 
hope of stimulating further investigation in this direction. The 
writer will appreciate assistance in correcting and extending the 
data. 

Notes: Under "rays not storied" are included woods which may have some 
of the rays, the small ones, in horizontal seriation. " Wood parenchyma cells storied " 
refers to the secondary seriation produced by the individual cells of the wood paren- 
chyma strands; not visible without lens. "Fiber pits storied" refers to the hori- 
zontal seriation of special pit areas on the wood fibers. Where not noted does not 
necessarily mean that the feature is absent, since not all of the woods were examined 
microscopically. "Number of tiers per inch" applies exclusively to measurements 
by the writer and is the basis for "tier-height." A dash indicates a tendency. Data 
from other writers are credited to them and are as nearly complete as their descrip- 
tions will permit. 
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Summary 

Storied or tier-like arrangement of part or all of the elements 
is characteristic of many dicotyledonous woods representing a 
wide range of natural orders and families. The storied structure 
is found also in the secondary phloem. 

The structure is exhibited on longitudinal sections, typically 
the tangential, as fine transverse striations ("ripple marks"). 
These are often visible without a lens. 

"Ripple marks" are constant enough in stems of considerable 
thickness to serve as a valuable diagnostic feature. 

In some woods pit areas on the fibers are in seriation. In 
some instances, also, the cells of the wood parenchyma strands 
are arranged in a secondary seriation, visible under the lens. 

A table is appended giving for each wood the various elements 
storied, the uniformity and distinctness of the markings, and the 
height of the tiers. 
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